Effect of secretagogues on cytoplasmic free calcium in alveolar type II epithelial cells.
Pulmonary surfactant is synthesized and secreted by alveolar type II epithelial cells. Although intracellular calcium and other second messengers have been implicated in secretion by type II cells, this is the first report on measurement of cytoplasmic free calcium concentration ([Ca2+]i). Known secretagogues, 12-O-tetradecanoylphorbol-13-acetate (TPA) and terbutaline, were tested to see if they caused rapid increases in cytoplasmic calcium. Ionomycin, a calcium ionophore, was used to increase cytoplasmic free calcium concentration, to determine if a rapid increase in cytoplasmic free calcium would stimulate secretion, and to measure interactions with other secretagogues. Ionomycin increased both [Ca2+]i and pulmonary surfactant secretion from alveolar type II cells. A low concentration of ionomycin (100 nM) greatly enhanced secretion stimulated by terbutaline or by 8-bromo-cAMP but only had an additive effect on secretion stimulated by TPA. Terbutaline transiently increased [Ca2+]i by 24% over control basal condition, and the increase in [Ca2+]i produced by terbutaline occurred in the absence of extracellular calcium. TPA itself did not change [Ca2+]i. However, TPA completely inhibited the terbutaline-induced increase of [Ca2+]i but not the increase due to ionomycin. When alveolar type II cells were loaded with 2-(2-bis-[carboxymethyl]-amino-5-methyl-phenoxy)-methyl-6-methoxy-8-bis carboxymethylaminoquinoline (quin2) in calcium-free buffer, [Ca2+]i decreased from 143 +/- 10 to 31 +/- 8 nM. Lowering [Ca2+]i inhibited TPA- or terbutaline-induced secretion by 22 and 40%, respectively. Although the precise role of cytoplasmic free calcium on surfactant secretion cannot be established on the basis of current data, our results indicate that an increase in cytoplasmic free calcium produced by ionomycin stimulates secretion and that an increase in [Ca2+]i affects cAMP-induced secretion more than protein kinase C-mediated secretion in alveolar type II cells.